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Description 

Hie present invention refers to polyaCTylamide beads containing encapsulated cells, to a 
process for their preparation and to their use as a biocatalyst 

S Polyacrylamide beads containing encapsulated cells can be used as a biocatalyst for 
various biotransformations depending on flie eaoc^mes contained within the cells- For 
example polyacrj^amide beads containing enciq^sulated bacterial cells of a strdn of the 
genus Rhodococcus containing a nitdle hydratase canbe used for the transformation of 
nitriles to amides. 

10 

Polyacrylamide beads containing eozymss have been described by Nilsson et oL 
(Biochim. Biophys. Acta 1972, 268, 253-256). A solution of ammonium persulfete 
(0.25 g, 1 .1 mmol) in tdetiianolammrHCl bufEer (0.05 M, pH 7.0, 0.5 mL) and 
JSyy^J^^• JST -tetrametiiylefl^rlraed^ (03 mL, 0385 mg, 3,3 mmol) v/ere add^ to a 

15 solution (60 mL) of trypsin (60 mg), acrylamide (8.55 g, 120 romol) and iVT, JV'-methylene- 
Insac^lamide (0.45 g, 2.9 nunol) in trieffaanolaniin-HCl buffer (0.05 M» pH 7.0). Hie 
solution vms pouted into a stirred organic phase (toluene/chloroform 290: 110, 400 mL) 
containing sorbitan sesquioleate (1 mL). Tb& potymerization was cazried out at 4 ^^C for 
30 min. Nilssofie? of. (Bidchm"mqphys. Acta 1972, 268;2S3^6) does not descaibe the 

20 mcapsulation of cells in polyaoylanude beads. 

Mosbachefoi: (US 4,647,536 A) describes the preparation of various bead polymws 
containing CTic^sulated cells wherein an animal oU, a vegetable oil, tri-butylphosphate, 
liquid silicone, parafBn oil or pfaflialic acid dibutyl est» was used as the water-insoluble 

25 'phase. Polyacrylamide beads containing yeast cells or en2ymes 

dissolving ac^amide (17.6 g, 248 mmol) and iST^iST'-niieaQrlenebisaia^ianiide (1^ & 
8 mmol) in tris-buflEer (100 mL> 0.05 M, pH 7), mbdiig 8 mL of flite 
cells or enzymes (e.g. p^oxidase, 10 mg/mL^ 2 mL) and ammonium petsulfite (0.4 g/knL, 
20 ixL (8 m& 0.03 mmol)) and dispersiiig the niixture in soybean oil (40 mL). 

30 JV,2\r,Ar,Ar -TetrameflijdefliylOT (100 ^L, 77.0 mg, OM mmol) was added whm a 

suitable bead size had been reached 
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It is an object of the present invention to provide polyaciylaniide beads containing cells 
and a process for their prepaxation. 

This object is achieved by the pofyacrylamide beads of claim 12 and by the process of 
5 claim 1. 



The process of the present invration for tibe preparation of polyactylaznide beads 
containing encapsulated cells comprises the stqps of 
(?) providing an aqueous solution of a nuxture of acrylic monomers, 
10 (fS) providingasuqpensionof ceUsinanaqiieoiissoIutionof ap^mil&^ 

(iii) providing an emulsion of an aqueous solution of a t^ary amine in a wfer- 
immiscible liquid^ wMch liquid optionally contains a sur&ctant^ 

(iv) mixfaig tile solution provided in step G) and the suspensioii provided in step (ii) 

(v) adding tihe mxKtme obtained in step (fv) to the stirred pulsion provided in 
15 step (iii), and 

(vO polymeri2ang Ifae mixture of ao^^lic monomers and simultaneously »capsulating 
tile cdOs to form poJt^acrylamide beads oontainii]^ enc^^^ 

The process of the present invention is advantageous inso&r as the tertiary srome is 
20 already added to tiie wat^-immiscible liquid before the addition of the achylic monomers^ 
the cells and tiie persnl&te. 



Tliepolyacxylamide beads formed by the process of the present invention are of sphmcal 
or almost spherical sfa^e. 

Ibe po^^a^^teumde beads can have a size of 0.0 1 to 5 mm and a mechanical strength of 
at least 10 mN. Pref^ably^ the polyacaylamide beads have a size of O.OS to 3 mm sEnda 
mechanical strmgSi of at least 200 mN. More pre£^:ably the polyaciylamide beads have a 
sdze of 0.1 to 1.5 nun and a medbanical sfrengtii of at least 300 xnR 



Tlie mechanical strengith is measured by implying pi^ure to a bead vMoh is placed 
between two plates until tiie bead breaks. 
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Jh& cell can be a bacterial cell, a fungal cell, a yeast cell, a plant cell or a mammalian cell. 
Preferably, the cell is a bacterial cell, more preferably it is a cell of a bacterium of the 
group nocardiofonn Actinomycetes or of a bacterium of the ftmily Entc^obacteriaceae. 
Even more preferably die cell is a cell of a bacterium of the genera Bhodococcus or 
5 ^c^er7cUa,andmostpreferablyitisaoeUofabact^umof 

Examples of bacteria are gram-positive bacteria such as bactoia of Ae Bacittusy 
Acetobacteriun^ Actinomyces, Arthrobacter^ Corynebacteriumy Gordona^ Nocardia^ 
Rhodococcus or AnQ^colatopsiSy and gram-negative bacteria sudi as bact»ia of the g^iera 
10 Acetobactery Agrobacterium, Alcaligems^ Comamonas, Gluconobacier^ Pseudomonas^ 
Shizobium, CUrobader^ EnterobactWy Escherichia or JSJebsieOa. 

- Exanqiles of bacteria of the group nocardiofbrm Actinomycetes are bacteria of tiie genera 
GordonayNocarOcg^ShoddcoccusaDdAn^olaiop 
15 • Enterobacteiiaceae are bacteria of the genera CHrobacter, Enterobacter^ Escherichia and 
Klebsiella. 

The cells can be cultivated by methods known in the art 

20 The bacterial cell can contain the gene encoding the CTzyme of interest on the 

chromosonie or can be transformed iirith a plasmid contmning the gene encoding the 
enzyme of int^^est. 

J£ tibe bacterial cells contains the gene encoding 4ie enzyme of interest oa the 
25 chromosome and tiiis eazym& is a catabolic enzyme, the bacterial cell can be cultivated 
ip the presence of a suitable enzyme inducer. For ^cample, cells of a strain of the genus 
Rhodococcus can be cultivated in tiie {nesence of a nitrile hydralase indues to induce tfie 
expre^on of a nitrile hydratase. Examples of suitable inducers for a nitiile hydralase of a 
strain of the ^xus Rhodococcus are methacrjdamide, ciotonamide andpropionamide. 

30 

If the bacterial cells are transformed with a plasmid containiiig tiie gene encoding the 
en2gane of interest^ and ik^ gene is under the control of an indudble piomots^ the 
transoqition of foe gene encoding the enzyme of int^:est can be induced at a snitable 
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point of time duimg ib& cidtivatioiL Examples of indudble i»tomotef s are tixe trp^ the lac, 
the toe, Ae arabinose and ihe ihamnose promoter. The iziduction depends on the promoter 
enqsloyed. For example^ the diamnpse promoter can be induced by additicm of 
Lrxhanooiose. 

5 

After cultivation, the cells cbntainingtfae enzyme of int^st can be separated fiom the 
feim^tation brotii. Preferably the cells stored in an appropriate buf^ below 5 **C. 

The mixture of acrylic monomers can consist of at least one monofimctional and at least 
10 one bifunctional acrylic monomer. 

A monofimctional a^lic monom^ can be a monomer of tiie formula 




(D 



"otb^rdn 

is H or methyl, 

is selected fix>m the groiqj consisting ofira2,Ma^ 
a<CIfeVN(R^ 
20 at each occurrence is Ci^-all^], and 

n i5anuxb^erfcomlto4. 

]&canq>les of monofimctional acrylic monomers are acrylaxnide (J3i^ — R^ — NH2X 

melhacrylanaide (R* =melhyl, R^=N^ 
25 R^ = Ci^-alkyl) such as iHT-etiorlaciylamide OEt^ = ethyl), i^-isoprop^acrylamide (R^ = 

isoprcqpyl) or JST-rerMmt^acrylamide (R? - /err-bntylX iV^-alkyhneflmoty lamides QB^ = 

me&yU R^ = NHR^ R^ = Cw-allgd) such as Methyhnefharaylamide (R? = ediyl) or 
. i^-isopropyhn^hacrylamide(R^=isopropyO,i«JSr^^ 

N(R?)2, R^ = Cw-alkyl) sudi as iy^,AMimefliylacrylamide (R^ « mefliyl) andMiV^-diefli^- 
30 acryiamide (R^ = ethylX iV-[(dialkylamino)alkyl]acrylamides (R* H, R^ « 

NH-<CH2)tf-NH(R^)2, R^ = Cw-alkyl) such as iV^[3<dimethylamino)propyl]acrylaniide 
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in = 3, = methyl) ori\r-[3<diethylammo)propyl]aciylamide (» = 3, = e&3i), 
JV:-[(dialkylamino)aIkyl]metiiacrylam (R* = methyl, = NH<CH2VNH(R^)2, R^ = 
. CM-alkyl) such as i\^[3-(dimetbylamino)propyl]mediaciylamide (R? = methyl) or 
JS^-|3-(die%lammo)propyI]methaciylam^ (R^ = e&yl), (dian;yIamino)aIkyl aciylates 
(R* = H, R^ = 0-{CH2)n-l^(R?)2, = Ci-4-alkyl) such as 2.(dimethylammo)ethyI 
aciylate (n « 2, R^ - methyl), 2-(dimetiiylamiiio)propyl acrylate (n = 3, R^ = methyl) or 
2-(diethylaDamo)ethyl aerylates (/i = 2, R^ = ethyl) and (dialkylamiiio)alkyl mefiiacxylates 
(R} « methyl, R^ « O-(GH2)a-NH0R?)2» R^ =^ Cw-alkyl) such as 2'<dimetlQrlamiiio)eaiyl 
methacrylate (it - 2, R^ = methyl). 



jyr^All^laaylamides, iV^-a]kyhnetfaaacyamides» A^AT-dulkylacaylamides, KN-dxEHkyl- 
meOiaaTlamides, jyr-[(diaIkylammo)aIkyl]aaylaniideSy iV^[(dialkylamino)- 
alkyQmetfaaciylamides, (dialk^amiiio)alkyl ac^lates and (dial]Qrlamino)a]kyl aorylates 
can be prepared by methods knovm in tixe ext, for example by reacting acayloyl diloiide, 
15 med^l acrylate, methax»yloyl chloride or metl^l metiiacrylate vnSoL tiie respective 
aDgrlaxrune, dialkylamine or (dia]kylarnmo)alkylaimne or (dialkylammo)alcohol. 

Bifimctional aiocylic monomears can be mononiers of the formula 



wherein 

is H or methyl 
-X- is KCHbV or -(CH-OH),r 
25 n is an integer fiom 1 to 4 

Examples of bifimctioiial acrylic monomers are iy^AT'-metliyiensbisaciylamide (R^ = 
-X- = -(CH2)n-, n =1), iV:j\r'-methylenebismethaciylamide (R' = methyl, -X- = (CfS^ 
n =1), A^-A^'-etbylenebisacrylamide (R* = H, -X- = -(CH2V, n =2), i\^,iyr*-ethyleiiebis- 
30 metfaaacylamide = metli^ -X- = ^CEbiV-. n =2), iV^i\r'-propyIenehisaiaylamide 
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(R* = H, -X- = -(CBfeV, n ^3) and WHl^-dihydioxyethyl«e)bisac^ (R* = H, 
-X^— (CH-OHXr,fi=2) 

BifimctioBal adj^c monomeis can be prepared by methods known in flie ar^ for exaix4>le 
5 Wfunctional arayKc moncxmers v/be^ ^X- is -(CHb)«. can be piepaied by leacdng aciyloyl 
ddoride. methyl acrylato, meOiai^loyl cMoiide or meOod methaciylatB with the 
respective diamine. 

Iteferably^ die bi&nclional acrylic monomer is selected fiom the group consisting of 
10 //^ -mediylCTebisa<^lamide, Mi^ -mediyienebismeaiaciylamide and iV'.(i^.di- 
hydroxyeaiylene)bisacrylamid^ and die monofonctiona] monom^ is selected ftom the 
gioup con^sttng of aciylamid^ methaciylamide, JS^iS^dial^ylaarylamides, Ar.[(diallqrl- 
ammo)alkyl]mefliacrylamides, (dialkylammo)alkyl aaylafces and (dialkylaniino)aIlcyl 
mefhaciylates. 

15 

More preferably, the bifonctional acrylic monom^ is A^// -mediylenebisacxylamide, and 
the monofimcdonal moncmi^ is selected fiom the gronp consisting of acaylamide^ 
AtAT-dimefl^aiacylamidei, i\r-[3-<dim^3damizu>)piopyl]mefhaciyl^ and 
2<{dimeaiylanmio)^yl mettia^late. 

20 

The persul&te can be any wat^-soluble persid&te. Examples of water soluble pexsol&tes 
■ are ammonium pasolfate and alkali metal persuHates. Examples of alkali metals are 
liddmn, sodimn and potassfaim. Fiefarably, die persol&te is ammonium p^sal&te or . 
potasriom pea:sul&te» more pr^Eerably, it is ammonium peasul&te. 

25 

Ibet^rdaiy amine can be any wa]^-soiubletertiaiy amine. Preferably, die tertiary amine 
is i^,Ag\r',Ar'-tetramediyledqrlenediamine or 3-(dimethylaznino)propionitiile, more 
preferably it is AT^A^JS^W -tetramedLyleflodenediamine. 

30 The wat^-immisdble liquid can be any water-immiscible material that is liquid at 

t^iqperalure of poIymerizatioKL Exan^les of water-immiscible liquids are mineral oils, 
vegetable oils and synthetic oils. Examples of mineral oils are toluene, xylene, 
dearomalized hydrocarbon mixtures sudi as Exxsol DlOO and isoparaffine mixtures sudi 
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as Isbpar M. Examples of vegetable oils are sunflower oil, olive oil, peanut oil, almond 
oil, safQower oil, soybean oil and com oiL An example of a synthetic oil is silicone oiL 

Preferably tiie water-immiscible liquid is a mineral oil. More preferably, it is a saturated 
5 hydrocarbon or a mixture thereof. Most preferably it is a'deazomafized.hydrocarbon 
mixture or an isoparafBn mixture. 

The wat^-immiscible liquid can optionally contain a sur&ctant The sur&ctant can be 
any suitable sur&ctant. Examples of suitable surl^tants are nonionic sm&ctarKts such as 
10 sorbxtan fatty acid esters, polyethyleneglycol &tty acid esters, elfayleneglycol fatty acid 
esters or glycerol &tty acid esteis and cationic surfactants such as t^iaaUq^ 
salts, wherein at least one of the alkyls has at least 8 carbon atoms* Examples of fisitty 
acids are oleic acid or stearic acid. Examples of alkyl are ethyl, i»x>pyl and butyl. 
Examples of alkyls having at least 8 carbons are bctyl, non;^ and decyL 

IS 

The ratio of surfictant/oii can be up to 0.10:1 (w/w). Preferably, no surfisictant is used. 

An aqueous solution of a mixtoie of acrylic monomers can be provided by dissolving the 
aocylic monom^ in water or a bufi^. A suspension of cells in an aqueous solution of a 

20 persul&te can be provided by mbdng a solution of a persul&te in water or a bujB^ with a 
suspenaon of title cells in water or abuffer. Preferably the acrylic monom^ are dissolved 
in and the cdls are suspended in a bnfifary and tiie pH i g listed tr> st pTT Whi n the rms?' 
ficomS to 10i^dhis&voredby&een2ymeofiiit»iest ForexampleapHwiiMnthe 
range firom 6 to 8 is jfovored by a nitrile hy dratase fiom a strain of &e genus 

25 Rhodococcus. 

An emulsion of an aqueous solution of atertiary amine in a wato-iinzniscible liquid can 
be provided by emulsi^^ring a solution of a totiary amine in water or a buffer in tibte watn- 
immiscible liquid. 

30 

Preferably, the aqueous solution of a mixture of acrylic monomers, die suspension of cells 
in an aqueous solution of a pecsiilfiKte and die emulsion of an aqueous solution of a 
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tertiaiy anune infhe watear-iaimiscible liquid, vddch liqidd optionally contains a 
suid&ctan^ are deoxygsoBted, &g. by putg^ vdtfi mtro^o. 

The aqueous solution of a mixture of aoyHc monomers and die suiq^^on of in an 
5 aqueous solution ofapeisul&tB are mixed and immediately dropped into 1^ 

CTLuMon of an aqiKous soluticm of a tertiaiy amine in tte ^vatBc^immisdble liquid. 
Examples of suitable stincers are ibree or fimr pitdi bladed turbine stirrers, propdler 
stinexs or vtsco-jei® stinets. Preferably, a visco-je^ stpier is used. Pre&a»bly, ^ 
polymacizatiott is canied out at S to 35 More preferably it b carried out at IS to 
10 25X,andmostiKeferablyitiiscarriedoutatl8to22*^. 

FoUoiwiiig ratios are prd^»bly ^pUed fin: tibie polymerization step: 

Prefoably ratio of tiie mixture of aer:^c monomers/water is 0.05: 1 to 0.5:1 (wAv). More 
15 preferably it is 0.1;1 to 03:1 (wM). Most i»eferably it is 0.2:1 to 0.28:1 (w/w). 

Prefexably die ratio of Infimctiorial anylic monomersAnonofnnctimud aocylic monomers 
is 0.001 :1 to 0.8:1 (molAnol). More preferably it is 0.01:1 to 0.08:1 (mol^ol). Most 
pr^ably it is 0.03:1 to 0.06:1 (mol^ol). 

Prefeably ratio of dry cellsAnixture of acijdic moncnners is 0.001:1 to 1 :1 (wAw). Motc 
prefescaUy it is 0.2:1 to 0.9:1. Even more preMbly it is 0.4 to 0.8:1 (w/w). Most 
prefetaUy itis 0.5:1 to 0.7:1 (wAv). 

Preferably the ratio of persulfate/mixture of acrylic monomers is 0.0001:1 to 0.1:1 
(molMoQ. More pzef^ably it is 0.001:1 to 0.05:1 (mol/mol). Most preferably it is 0.002:1 
to 0.03:1 <mol/moI>. 

Preferably ratio of tertiary amine/persulfete is 0.2: 1 to 50: 1 (mol/mol). Preferably it is 
0.8:1 to 10:1 (molAnol). Most preferably it is 1:1 to 5:1 (mol/mol). 



20 



25 



30 
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Preferably ratio of oil/water is 1^:1 to 10:1 (w/w). More preferably it is 1.3:1 to 7:1 
(w/w). Even more preferably it is 1.4:1 to 5:1 (wAv). Most preferably it is 1.5:1 to 4:1 
(wAv). 

5 Preferably, the polyacrylamide beads obtained after the polymerization are separated, for 
example by decantation or filtration. The separated beads can be washed with wafer or an 
aqueous solution to remove traces of tibie water-inuniscible liquid, and can be stared in an 
qipropriate buffer. 

10 Also part of die inv^itton are polyaciylanude beads containiii^ encapsulabed cells 

obtainable by the process of the present inv^tion. Preferably, the encapsulated cells are 
cells of a strain of the gjsismsltkochcoccus containing anitrile hydratase. 

Another part of the invention is the use of above polyacrylamide beads containing 
15 encapsulated cells as a biocatalyst for tiie transformation of a substrate to a product. 
Pt^erably, the substrate is a nitrile and die i»x>duct is the corresponding amide. More 
* preferably fhe substrate is 3-cyanoir^dine and &e product is nicotinamide. 

Exan^les of nitriles are cyanamide, cyanoacetic acid, malonodinitrile, q^anoacetic add 
20 mefliyl ester, acrylonitrile, butyronitiile^ valeronitril^ crotononi^e^ methacrylonitrile, 
2-Gyanopyridin^ 3-cyanopyridine, 4-cyanoi^ridine, bCTzonitrile, 2'<:]ilorob»zonitrile, 
4-dilorobenzonitrile, pyrazinecaxbonitrile, pyrazKne-2;3-dicarboxutrile, 2-furonitrile» 
tfaiophme**2-carbQnitril^ pivalonitrile and cyclopropanecarbonitrile. 

25 The transformation can be carried out as a batdi reaction or as a contmuous reaction. 
Pr^ably, the reaction is carried out in a suitable bufE^ at a tatnperature from 1 0 to 
35 '^C. 

Figure 1 shows tiie concentration of nicotiboamide in tibie reaction mixture in depradency 
30 on the time dming a continuous reaction of 3-cyanopyridine to nicotinamide. 

Figure 2 shows tiie concentration of 3-cyanopyridme in the reaction mixture in 
dependency on tiie time during a continuous reaction of 3-cyanopyridine to nicotinamide. 
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Figaie 3 ^ows convendon of S-cyanopyridine to nicotinamide in dspmS&nffy on the 
time during a continuous reaction of 3-cyanopyridme to nicotinamide. 



5 Example 1 

. Cultivation ofa strain of tiiegooLusiEAoifococ^^ 

1 .1. Pteparation of a preculture 

A sterile medium (200 mL, pH 7.0) confining 1 25% (wAv) yeast extract, 0.05% (w/w) 
10 MigS04 ■ 7 H20, 0.003% (wAw) CoCl^ - 6 H20, 0.5% (w/w) sodium citrate, 0.75% (w/w) 
metiiarajdamide and 0.2% (w/w) Kl^04 was inoculated with an agar plate culture of a 
strain ofihe genus Ehodococcus. The preculture was cultivated in an Erienmeyer flask 
(500 mL) at28 ^'C and 120 rpmfor 48 h. 

1.2. Preparation of a culture 

A sterile medium (12 pH 7.0) containing 1.25% (w/w) yeast extract 0.05% (w/w) 
MgS04 • 7 H20, 0.003% (w/w) C0CI2 • 6 H20, 0.5% (w/w) sodhim citrate, 0.75% (w/w) 
metiiaaylamide and 0.2% (w/w) KHPO4 was inoculated with a preculture ^00 ihL) of 
liie strain ofihe graus Shodococcm obtained as described in example 1.1. The culture 
was cultivated in a femi^rter (12 L) at 28 ^C, pH 7.0, dissolved oxygen concentration 
>40% (in respect to tiie dissolved 03«ygen concCTtratioa at 1 volume mr/(volume 
&nnmtation faroOi x min), 28 ""Q and 300-400 rpm for 48 h. The cells were harvested by 
ceidxifiigation, washed with phosj^hote buffer (50 mM, pH 7.0), conc»trated to a 
concentration of diy cells of 15-20% (w/w) and stored at *40 ""C. 

Example2 

Mtrile hydmtase activity assay of a strain of tiie genus Bhodococcus 

30 Pol3^aciylamide beads containing enc^sulaled cells of a strain of tib.e genus Shodococcus 
(0 J2 g wi^ weight) weie added to a solution of 3-(9anopyridine (1 .59 g) in phosphate 
puffer (0.05 M, pH 7.0, 30 mL) at 25*^C. Samples (1000 pi) were taken after 5 and 15 
minutes. These samples were immediately mixed with 20 pi of H2SO4 (48 % (w/w)), 
diluted 100 times by volume witii a mixture of metfaanol/vraler ^ 40:60 (v/vX fQtered 
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(0^ \xm pore size) and analyzed by HPLC (column: C8 reverse phase, flow rate: 
1 ml^inin, mobile phase: mefhanolAvater = 40:60 (v/v)), wavelength: 210 nm, 25 **C). 
Diy polyacrylamide beads obtained after drying the wet biocatalyst at 55 and 
20mbarfor4h. 

5 

Examples 

. EncE^suladon of cells of a stram of &e g^us Ithodococcus in polyacrylanoide beads 

10 Acrylamide (42.25 & 594 nimoI)» iyyV-mefliylenebisacrylamide (3.75 g, 24 nunol) and 
2-(dimediylamino)ethyl methaorylate (1.5 g, 9 mmol) were dissolved in phosphate buffer 
(37.5 g, 50 mM, pH 7-0) and the pH of Ihe solution was adjusted to 7-0. A solution of 
ammonium persul&te (0.465 g, 2 mmol) in distilled water (5 g) was added to a 
suspension of cells of a strain of the genus Shodococcus (20% (w/w) dty cells, 165 g) 

15 obtained as described in example 1, A solution of AT^^'^'-tetramefhylethylenediamine 
(0.232 g, 2 mmol) in distilled water (5 g) was dispersed in mineral oil (Bxxsol DlOO, 
350 g) in a reactor (1 L) at 350 rpm. The monomer solution, the cell suspension and the 
oil were separately purged with nitrogen for 1 5 min. The monomer solution (flow rate: 
2.5 g/min) and the cell susp^ision (flow rate: 5 g/nun) were separately pumped in a 

20 2.5 mL mbdng flask. The resulting mixture was immediately dropped in Ae stirred 

(350 rpm, visco-jet® stirrer) oil at 20 "^C. After complete addition tiie reaction mixture was 
stirred for furflier 3.5 h at 20 **C. The obtained polyacrylamide beads containing 
encapsulated cells of a strain of the genus Rhodococcus were separated by filtration, 
washed with distilled water and allowed to swell in water. The polyacrylanude beads 

25 were stored in twice the amount by volume of a storage buffer (3.55 g/L sodium sul&te, 
0.25% (w/w) dehydroacetic acid, sodium salt, 0.05% (w/w) nicotinamide, pH 7.0) at 4 **C. 
The swollen beads were of regular q)herical shape with a size of 200 |jm to 1200 ^m and 
a medianical strength of >300 mlN. Ihe ratio of dry polyac^lamide beads/wet 
polyaciylamide beads was 0.1 1:1 (w/w). The ^ed&c activity was 9.5 jmnol nicotin- 

30 amide/(min x mg dry polyacrylamide beads). 
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Example 4 

Conveision of 3-cyanopyridme ta xucotmamide, batchieaction 

Polyacrylamide beads containing encapsulated cells of a strain of the gisavs Shodococcus 
5 ( 1 00 g wet weight) obtained as desciibed in example 3 w«:e added to a gently stixied 
solution of 3-cyanopyridine (40 g, 3^8 mol) in phosphate buflfer (0.05 M, pH 7.0, 400 mL) 
at After 15 min 99% of S-c^anopyiidineivas converted to nicotinamide^ after 
30 min 99% of 3-cyanopyridine was converted to nicotinamide. 

10 

Examples 

Conversion of 3^Qranopyzidine to nicotinamide, continuous reaction 

Polyacrylamide beads containing cells of a strain of the genus Rhodococcus (100 g wet 
15 wei^t) obtained as described in example 3 were added to a solution of 3-Qranopyridine 
(40 g, 3.8 mol) in phosphate bufifer (0,05 pH 7.0, 400 mL) at 25 ^C. A solution of 
.3-cyanpyridme (10% (w/w)) in phoq>hate buffer (0.05 M, pH 7.0) was continuously 
added to the gently stirred reaction mixture, and reaction mixtuie (without 
polyaciylaniide beads) was continuously removed. The continuous convosion was 
20 performed witii a retention time of 3.1 h for 5 weeks at 25 ^C. No abrasion of the beads 
was observed after 5 weeks. The concentrations of 3-cqfanopyridine and nicotinamide 
were detennined (see Figures 1 and 2) and tiie conversicm calculated (see Fig. 3). 

25 Example 6 

BDccq)suIation of cells of a strain of iBa& genus Bhodocaccm in polyacryamide beads 

Actylamide (422.5 g, 5940 nunol), i\^iV-mefliylenebisa<a3ianiide (37^ g, 240 nunol) and 
2-(dnnefliylamiiK))efliyl methacrylate (15 g, 90 mmol) were dissolved in phosphate buffer 

30 (375 g, 50 mM, pH 7.0) and flie pH of tiie solution was adjusted to 7.0- A solution of 
ammonium persul&te (4.65 %, 20 mmol) in distilled water (25 g) was added to a 
susp^ision of cells of a strain of the genus Shodococcus (16% (w/w) dry cells, 1650 g) 
obtained as described in example 1. A solution of jy^^^gST -tetrameffayleihylenediamine 
(2.32 g, 20 mmoQ in distilled water (25 g) was disp^:sed in min^ oil CBxxsol Dl 00, 

35 3 500 g) in a reactor (1 0 L). The monomer solution, die cell suq)ension and the oil w^ 
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separate^ purged with mtrogenfor 15 min. The monomer solution (flow rate: 133 gAnin) 
and the cell suspension (flow rate: 27 g/min) were separately pumped in a common 
tubing. Hie resulting mixture was pumped in the stirred (215 rpm, visco-jet® stiner) oil at 
20 "C. After complete addition the reaction mixture was stined for further 3.5 h at 20 *C. 

5 The obtained polyacrylamide beads contaming ^c^ulated cells of a strain of the genus 
Rhodococcus yr&[9 separated, washed and stored as described in example 3. The swollen 
brads were of regular spherical shape* witih a size of 200 fim to 1200 ^m and a 
mechanical strength of >400 mN. Ihe ratio dry polyaoylamde beadsAwet polyaaylamide 
beads was 0.09:1 (w/w). The spedfic activity was 7 J pmol nicotinamide^(min x mg diy 

10 polyacaylamide beads). 

Example 7 

Storage stability of polyacrylamide beads contaming <»capsulBted cells of a strain of the 
15 genus Rhodococcus 

Polyaaylamide beads containing oicapsulated cells of a strain of the gams Rhodococcus 
■ obtained as described in exan^>Ie 5 were stored in an aqueous storage solution (3.55 g/L 
sodium sul&te, 0.25% (w/w) sodium dehydroacetic add, sodium sah;, 0.05% (w/w) 

20 nicotinamide, pH 7.0) at 4 50 weels. Sauries weare tatea every fifth vireek. The 
polyaaylamide beads were separated, washed wititi distilled water, and si^ended in fiesh 
storage sohition (3.55 gO. sodium sul&te, 0.25% (w/w) ddbydroacetic add, sodium sal^ 
0.05% (w/w) nicotinamide, pH 7.0) at 25 "C for 1 h. The nitxile hydralase activity was 
detramined as described in example 2. The ratio of dry polyacxylamide beads^wet 

25 polyacrylamide beads were determined. Dry polyacacylamide beads were obtained after 
diying 4e wet poj^yacxylaniide beads at 55 and 20 mbar fas Ah. 
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Table 1: storage staiUlily of polyacrylamide beads containiiig cells of Ihe genus 
Rhodococcus 



wedc 


diy polyacrylamide beads/ 
wet polyaoylamide beads 
(w/w) 


Spedfic activity 
[ftmol nicotinamide/Cmin x mg 
dry polyaaylamide beads)] 


0 


0.09 


73 


5 


0.09 


73 


10 


0.09 


7.0 


13 


0.09 


6.5 


50 


0.08 


6.0 



Examples 

EiLcapsulalion of cells of a strain of the genus Khodocaccus in polyactylaniide beads 

10 The mcqpsuladon was perfonned in analogy to tiie enc^sutadon described in example 3, 
except that a solution of anunonhim persul&te (L 86 g, 8 mmol) in distilled water (7.0 g) 
and a solution of jy^^^'^'-tetiamethylethylenediamine (0.928 g» 8 mmol) in distilled 
water (S g) wm raiployed. The obtained polyaccylamide beads containmg encapsulated 
cells of a strain of die genus Rhodococcus were separated, washed and stored as described 

15 in example 3. The swollen beads were of regular sphencal shape» witihi asize of 250 ixm to 
1300 im and a mechanical strengdi of >400 mN. The swelling ratio of dry poly- 
acEylarnideb^dsATvetpolyacrjdamide beads was 0.12:1 (wfw). The spedfic activity was 
7.8 ^mol nicotinanude/(min x n^ polyacrylamide beads)* 

20 

Example 9 

Encapsulation of cells of a strain of die genus Rhodococcus in polyacrylamide beads 

The encapsulation was p^dftmned in analogy to the encapsulation desoibed m example 3^ 
25 excqpt Xbsx a suspension of cells of a strain of the genus Rhodococcus (16% (w/w) dry 
cells) was employed, and die polymerization was p^ormed at 1 0 for 9 h. The 
obtained polyacrylamide beads containing encapsulated cells of a strain of the genus 
Rhodococcus separated, washed and stored as described in exanqple 3. The swollen 
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beads were of regular spherical shape, with a diamet« jfrora 250 pm to 1300 )un and a * 
mechanical strengtti of >400 mN. The ratio of dry polyacrylamide beads/wet poly- 
aaylamide beads was 0.09:1.00 (w/w). The specific activity was 73 pmol nicotia- 
anude/(mm x mg dry poiyacaylamide beads). 



Example 10 

Enc^sulation of cells of a strain of the genus Jttoi^^ 

10 iSr^AT-Dimefhylacrylamide (42,25 g, 426 mmolX iy;Ar-methylenebisacrylamide (3.75 g, 
24 mmol) and 2-(dimethylamino)ethyl methacrylate (1 .5 g, 9 mmol) were dissolved in 
phosphate buffer (37^ g, 50 mM, pH 7.0) and tfie pH of tihie solution was adjusted to 7.0. 
, A solution of ammonium persulfete (1.86 g, 8 mmol) in distilled water (7 g) was added to 
a suspension of cells of a strain of the genus Rhodococcus (18% (w/w) dry cells, 1 65 g) 

15 prepared as described in example 1. A solution of jy^^^A^'^'-tetramethylethylenediam 
(0.928 & 8 mmol) in distilled water (7 g) was dispersed in mineral oil (&cxsol DlOO, 
350 g) in a reactor (1 L). The monomer solution, tiie cell suspension and the oil were 
sq)arately piurged with nitrogen for 15 min. The monomer solution (flow rate: 2.5 g/min) 
and flie cell suspension (flow rate: 5 g/min) were separately pumped in a 2.5 mL mixing 

20 flask. The resulting mixture was immediately dropped in the stined (350 rpm, visco-jet® 
stirrer) oil at 20 After complete addition Ae reaction mixture was stirred for fiirdier 
3.5 h at 20 **C. The obtained polyacrylamide beads containing rac^suiated cells of a 
strain of tibie ^nus Rhodococcus ware separated by jBhration, washed and stored as 
d^caibed in example 3. The swollen beads were of regular spherical ^^e with a size of 

25 200 ^im to 700 pm and a mechanical strength of MOO mN. The ratio of dry polsrarayl- 
amide beadsAvet polyacrylamide beads was 0.21:1 (wAv). The qiecific activity was 
5.4 jjmol nicotinamide/(min x mg dry polyacrylamide beads). 

30 Example 11 

Encapsulation of cells of a strain of the genus Rhodococcus in polyacrylamide beads 

The encapsulation was p»£>mxed in analogy to the mc^sulation described in example 
10, except that a«ylamide (42.25 g, 594 mmol) mstead of //^-dimethylacacylamide 



Efnpf.zeit:27/10/2003 17:09 



EmPf jir.:188 P.021 



16 

{At22S g, 426 mmol) andi^-[3^dimediylan]mo)propyQmefliBra:^^ (1.5 g, 9 xmnol) 
instead of 2-(dimeaiylammo)etfayl methaciylate (1.5 g, 9 mmol) were enqiloyed. The 
obtained polyaciylamide beads containing enc^sulated cells of a strain of the genus 
Shodococcus were separated, washed and stored as described in example 3 . The swollen 
5 beads weie of regular spherical shape with a size of 1 50 fim to 1 200 pm and a medbanical 
strenglh of >400 mN. The ratio of dry polyacrylamide beads/wet polyaacylamide beads 
was 0.13:1 (w/w). The spedfic activity was 5.9 pmol nicotmamide/(min x mg dry 
polya^hunide beads). 

10 

Esamplell 

Cidtivation of a strain of the species Escherichia coli containing a plasmid having a gene 
^coding for an amidase under the transci^onal control of the ihanmose promoter. 

15 12.1. Preparation of a pre-precoltore 

A sterile medium (5 mL, pH 7.0) contaimng 1.6% (w/w) tryptone, 1.0% (w/w) yeast 
extract, 0.5% (w/w) NaCl and 0.01% (w/w) ampicillin was inoculated wfth a agar plate 
culture of a strain of tbe species Escherichia coli containing a plasmid having a gene 
encoding for an amidase under tiie transmptional control of the rhamnose i^romotw. The 

20 pre-pirecuhure was cultivated at 37*^0 for 12 h on a shaker. 

. 12.2. Preparation of apxecuhure 

The stmle medium described in ^canqile 12.1 (1 00 mL) was inoculated with SmL of a 
pre-preculture of 'Sie strain of the spedes Escherichia colt obtained as described in 
25 exarnple 12.1. The preculture was cultivated at 37 **C on a shako:. At ODeoo 0.25, 

0.2% (w/w) L-rfaamnose was added to the culture. At OD600 5, the cells T?i?ere harvested by 
centrifogation, washed twice with buffer (1.80 g/L ediylenediaminetetraacetic add, 
2.65 g/L disodium sah/sodium acetate hiMfEsr^ pH 7.0) and resu^pended in the same buffer 
to a dry cell concCTtration of 15-20% (w/w). The cdU suspension was stored at -40''C 



r X. - 



27/1.0 2003 MON 17:12 FAX 0041 61 318 83 29 LONZA AG EPA 



@|023/03] 



17 

Example 13 
Aznidase Assay 

Polyaoylaxnide beads containing enc^sulated cells of a stiain of tte gemis Escherichia 
5 containing an amidase (0.4 g wet ivd^t) were added to a stined solution of 2-hydioxy- 
2-metliyl-3^3-trifluoropiopionainide (1.0 g) in phosphate puJBfer (0.1 M, pH 8.0, 9 mL) 
at 37^C Samples (200 were taken after 0, 30 and 60 minutes. The molar amount of 
fomied ammonia was measured. The molar amount of formed ammonia equals the molar 
anu>unt of finxned 2-hydroxy-2-methyl-3,3,3-trifluoiopropionic acid. 

10 

E3aimplel4 

Encapsulation of strain of the species Escherichia coli containing a plasmid having a g^e 
encodmg for an amidase under the transcriptional control of the rhamnose promoter in 
15 polyaorylamide beads 

• The encqisulation was performed in aiialogy to the CTC^suIationde^ 
except tbat a suspension of cells of a strain of the species Escherichia colt (19% (w/w) 
dry cells) obtained as described in example 12, a solution of ammonium persul&te (1.86 

20 & 8 mmol) m distilled water (7.0 g) and a solution of i/^^'^'-tetrameOxylethylene- 

diamine (0.928 g, 8 mmol) in distilled water (5 g) were employed, and the polymerization 
was p^ormed at 400 ipm (visco-jet"® stirrer). The obtained polyacrylamide beads 
containing enc^sulated cells of a strain of the speeds Escherichia coli were separated 
and washed as describe in example 3 and stored in phosphate bufifer (0.1 M, pH 7.0) at 

25 4 ®C. The swollen beads were of irregular spherical shape, with a size of 200 ^m to 
2000 |mi and a mechanical streqgtti of >200 mN. The ratio of dry polyacrylamide 
beads/wet polyacrylamide beads was 0.21 : 1 (wAv). The specific activity was 0.029 ^un 
2-hydn>xy-2-methyl-3,3,3-trifluoiopropionamide/(riiin x mg dry polyacrylamide beads). 

30 
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Example 15 

Conveision of 2-li3^xy-2-meayl-33>1rmuoropro to 24iydioxy-2-meaiyK 

3,3,3-tiifluoioiiiopioxuc acid, batch reaction 

5 Polyaarylamide beads containing cells of a strain of the species Escherichia call 

containing aplasmid having a gene encoding for an amidase obtained as described in 
example 14 (0.4 g wet weight) were added to a solution of 2-hydroxy-2-meth^.3,3^-td- 
fluoiopropionamide (1,0 g, 6.366 mmol) in phosphate buffer (0.1 pH 8.0, 10 mL) at 
37 X for 1 h. 2-Hydioxy-2-methyl-3,3,3.tii£Iuoropropionic acid (2%) was formed. 



BbE»mple 16 

Enc^sulation of a strain of the species Escherichia coli containing a plasmid having a 
gene encoding for an amidase under tfie transcriptional control of the zfaamnose promotesr 
15 in polyaciylainide beads 

Acrylamide (21.13 g, 297 mmol), iV,iV-methyIenebisacrylamide (1.88 g, 12 mmol) and 
2-(dimethylammo)ethyl mefliacrylate (0.75 g, 4,8 mmol) were dissolved in phosphate 
buffer (18.75 g, 50 mM, pH 7.0) and tiie pH of the solution was adjusted to 7.0. A 

20 solution of ammonium persulfete (0.93 g, 4 mmol) in distilled water C2.5 g) was added to 
a suspension of cells of a stram of the specdes Escherichia coli (19% (w/w) dry cells, 
82.5 g) obtained as described in example 12. A solution of iV;Ar,Ar',Ar'-tetiame1hyl- 
ethylCTiediamine (0.928 g, 8 mmol) in distilled water (5 g) was dispersed in mineral oil 
(Isopar H 350 g) in a reactor (1 L) at 450 rpm. The monomea- solution, tiie cell 
. 25 suspension and the oil phase were separately purged witiinitrog^a for 15 ni^ 

monomer solution (flow rate: 2.5 g/min) and the cell suspension (flow rate: 5 g/min) were 
separately punned in a 2.5 mL mixing flask. The resulting mixture was immediately 
dropped in the stirred (450 rpm, visco-jet® stirrer) oil at 20 X. After complete addition 
tiie reaction mixture was stirred for further 3.75 h at 20 '^C. The obtained polyac^amide 

30 beads containing en<^5>sulated cells of a strain of the ^ecies Escherichia coli were 

separated and washed as d^cribed in example 3, and stored in phosphate buffer (0.1 M, 
pH 7.0) at 4 °C. Hie swollen beads were of irregular sph^cal shape with size of 1000 
fim to 2000 \vai and a medianical stiCTgtii of >200 xnN. The ratio of dry polyaoylamide 
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beads/wet polyacrylamide beads was 0.25:1 .00 (w/w). The sp«:ific activity was 0.016 
pmol iucotinamide/(inui mg diy polyacxylamide beatte). 



S Example 17 

Use of Ihe polyacrylamide beads containing enc£q>si]lated cells of tiie genus Shodococcus 
containing a nitdle liydratase as a biocataljrst for tfaiB convosion of oittil^ to amides 

Folyactylanude beads contaiznng encapsulated cells of the genus Rhodococcus obtained 
10 as descdbed in example 7 (25 g wet wei^t) were added to a gently stirred solution of a 

nitrite in i^osphate bu£Eer (0.05 M, pH 7, 100 mL) or in a mixture of pbosphate buffer 

(0.05 M, pH 7, 100 mL) and medianol at 25 "C. Samples (3 mL) ware takesn aftw 5, 15 
• • and 60 minutes and mixed immediately witii H2SO4 (48% (wAv), 0.03 mL). Hie reaction 

mixture was analyzed by HPLC or GC. The specific activity was determined. The results 
IS are ^v«ai in Table 2. 
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Table 2: Biotransformation of various nitdles to the cozresponding anddes 
polyactylamide beads contuniii^ cells of the genus Rhodococcus contaiiung a nilrile 
hydiatase as the Hocatalyst 



substrate 


product 


concentration 
substrate 


ratio 
MeOH/ 
buffer 

[v/v] 


specific 
activity 

[pmol/ 
(minxing)] 


cyanamide 


urea - 


200 


0:1 


857 


cyanoacetic aoid 


' malanamicand 


100 


0:1 


107 


maloaodinitrile 


2'^8noacetamide/ 
malfmamide 


200 


0:1 


946 


cyanoacetic acid 
metti^ ester 


maionic acid meftyl 
ester 


100 


0:1 


340 


aaylonitnle 


aciylamide 


200 


0:1 


76 


butyronitrite 


butyramide 


200 


0:1 


1025 


valoonifrile 


valeramide 


200 


1:9 


1708 


crobmonitrile 


notmamide 


200 


0:1 


1585 


methaciylonitrile 


mefiiaciylaiiiide 


200 


0:1 


591 


2-cyano]}^dii:ie 


picolinamide 


9.6 


0:1 


24.6 


3-cyBno])yTidiae 


nicotinainide 


250 


0:1 


2320 


4-^«nopyridine 


Bonicotinamide 


125 


0:1 


613 


benzonitrile 


boizainide 


50 


1:4 


276 


l-chlorobenzoiiitrile 


2-chlorDbm2anude 


7.3 


. 1:4 


6.4 


4-cbIorobenzoiutrile 


4-chIorobenzainide 


13l 


1:4 


42.6 


pyiaanecarbonitrile 


I^nFazme-2-caib(Hcainide 


100 


1:4 


246 


pyraane-2,3- 
dicarbonitnle 


pyiazine-2,3- 
dieaibaxamide 


7.7 


1:4 


0.53 


2-faroiiiirile 


faFan-2-caib6xainide 


100 


1:4 


235 


tfaioph«ie-2- 
caibonitrOe 


thiophen&-2- 
caiboxamide 


92. 


1:4 


73 


pivalonitrile 


2,2-dimetbyI- 
propionaioide 


100 


1:4 


321 


qrclopropanecarbo- 

nitrile 


cyclopropane- 
caiboxamide 


100 


1:4 


562 
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Claims 

1- A process for the preparation of polyacrylamide beads conlmmiig encapsulated cells 
comprising the steps of 

5 • © providing an aqueous solution of a mixture of acryUcmonom 

Oi) providing a suspension of cells in an aqueous solution of a pexsul&te 

Oii) providing an emubionofan aqueous solution ofa tertiary amine in ail vratCT^ 
immiscible liquid, vAiicb liquid optionally contains a sur&ctant. 

Civ) mixing tiie solution provided in step CO and the suspension provided in 
10 (v) adding the mixture obtained in step (iv) to the stinsd emulsion pro vid 

step(iii) 

ivi) polymeriring the mixture of acrylic monomers and simultaneously 

encapsulating the cells to form polyacrylamide beads containing encapsulated 
cells. * 

15 

2. The process of claim 1 wherein the polyaarylamide beads have a size of 0.05 to 3 mm 
and a mechanical strengtii of at least 200 mN. 

3. The process of claim 2 Therein the polyacrylanude beads have a size of 0.1 to 
20 1.5 mm and a mechanical streng^ of at least 300 mN. 

4. The process of any of claims 1 to 3, wherein tiie ratio of dry cells/mixture of acryUc 
monomers is 0.001:1 to 1:1 (w/w). 

25 5. The process of any of claims I to 4, wherein the ratio of dry cells/mixture of ac^lic 
monomers is 0.2: 1 to 0.9:1 (w/w). 

, 6. The process of any of claims 1 to 5 vdbiereinthe cell is abacterial celL 

30 7. The process of claim 6 v»*ierein flie cell is a cell of a bacterium of the group 
nocardioform Actinomycetes or of the &mily Enterobacteriaceaa 
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8. The proems of any of clmms 1 to 7 wherein the tertiary amine is 2VyyyV"^*-tetei- 
methylethylenediamine or 3-(djmethyiamino)piopionitnle. 

. 9. The i»ocess of any of claims 1 to 8 whenein tiie water*immisd.ble liquid is amineral 
5 dL 

10. The process of any of claims 1 to 9 A^^in no sin:£^^ 

. 11. The imcess of any of claims 1 to 10 wherein Ihepolyac^l^ 
lo\ step (vi) are separated. 

12. JPo^a<»siamide beads containing enopsulated ceUs obtainable by a process of any erf' 
claims 1 to 11. 

15 13. Ibe polyaciylanude beads of claim 12 wh«:dn the encapsulate 
strain of llie gfsmis Shodococcus containing a nitrilefaydc^ase. 

15. Theuseof&epolyaoylamidebeadsofclaiins 12or ISasaHocalalystfOT 
transfbrmatian of a substrate to a product 

20 

16. Tbe use ofclaim IS TAdierein the substrate is a nitnle and Il» 
corresponding amide. 

17. Tbe use of claim 16 wIi^ccti the xutrile is 3-^anopyridine and the product is 
25 nicotinamide. 
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Abstract 

Polyaciylaniide beads containmg enc^sulated cells were prepared by a process 
comprisii^ liie steps of 
5 0) providing an aqueous solution of a mixtiTO . 
(ii) providing a suspension of cells in an aqueous solution of a persul&te 
Ciii) providing an emulsion of an aqueous solution of a tertiary amine in a water- 

inunisdble liquid^ which liquid optionally contains a sur&c^t, 
^v) mixing Aesohition provided in st^ CD and tihie suspension provided in step 
10 (v) adding Ihe mixture obtained in stq)(iv) to ifae stirred eniulsi^ 

(vi) polymerizing the mixture of acrylic monomers and simultaneously encapsulating 

tiie cells to form polyacrylamide beads containing encapsulated cells. 
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Basd, 27.10:2003 Dr. Uta Glufke 
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